Introduction
Home noninvasive ventilation (NIV) has been increasingly used in patients with chronic hypercapnic respiratory failure (CHRF) arising from stable chronic obstructive pulmonary disease (COPD). However its effectiveness remains debatable.
According to national 1 and international recommendations 2 for home-based ventilation, NIV has been used in stable COPD patients for at least two decades in Portugal.
In the 1999 Consensus Conference Report about the clinical indications for NIV in CHRF, the authors concluded that the conflicting results in stable COPD patients made virtually impossible the clear definition of evidence based guidelines for this group of patients. 2 However it was also noted that NIV seemed to particularly benefit a subgroup of COPD patients with a more severe hypercapnia and that the unfavorable results could relate not only to the selection of less hypercapnic patients but also to the use of lower positive airway pressures. 2 Since 2002, Windish and colleagues developed extensive research to test the hypothesis that the effectiveness of NIV in COPD patients with chronic and severe hypercapnia was directly correlated with the intensity of ventilation 3 and concluded that high-intensity NIV (i.e. ventilation with a protocol requiring a substantial reduction in CO 2 , achieved with a combination of increasing inspiratory positive airway pressures and back-up respiratory rates) could improve alveolar ventilation and, consequently, blood gases during spontaneous breathing, as well as lung function and hematocrit, with a positive repercussion on the exacerbation rate and long-term survival. 4 However in 2009, those authors strongly emphasized the need for more randomized controlled trials (RCTs) that would evaluate the use of NIV in stable hypercapnic COPD patients. 4 According to GOLD guidelines 5 RCTs have yielded conflicting data on the impact of home NIV on survival and re-hospitalization of chronic hypercapnic COPD patients. 6 ---9 Several factors may account for these discrepancies: differences in patient selection and poorly characterized patient populations, underpowered studies, NIV settings incapable of achieving adequate ventilation and poor adherence to this therapy. 5 The last pan-European survey aimed at assessing the patterns of home mechanical ventilation (HMV) use in patients with chronic respiratory failure was completed in 2001---2002. 10 At the time, the survey showed a wide variation in practice with an estimated prevalence of 6.6 HMV users per 100,000 inhabitants (range: from 0.6 in Greece to 17 in France) and also a wide variation in the clinical conditions treated with HMV, since Denmark had proportionately more individuals with neuromuscular disease whereas in Italy and Portugal COPD patients predominated. 11 In 2004, a retrospective study performed at our center also demonstrated that COPD was the most frequent disorder causing CHRF under home ventilation. 12 NIV has had a high success rate in the treatment of acute exacerbations, but the use of this therapy in COPD patients with CHRF has not been supported with same level of evidence. 5 Although long-term dependency on NIV is not an uncommon situation after resolution of an acute hypercapnic respiratory failure episode 13---15 trials addressing the weaning of NIV after acute hypercapnic respiratory failure are still scarce 13---16 and even the GOLD report 5 does not provide clear guidelines regarding the hospital discharge of a patient that required NIV during an exacerbation.
Our aim was to analyze some of the practical aspects of the follow-up of COPD patients with CHRF under home NIV.
Material and methods
Patients under home NIV, according to the regularly revisited clinical guidelines 1,2,17 were standardly followed since 1998, at the noninvasive respiratory care unit of a university hospital with an intermediate respiratory and an intensive care unit and a sleep study laboratory (Hospital Pulido Valente, Faculdade de Medicina da Universidade de Lisboa).
Initially instituted on an inpatient regimen, since 2008 the implementation and follow-up of NIV were predominantly performed on an outpatient basis, as supported by several studies 18, 19 and further specified in Appendix A. This is a retrospective descriptive study based on a prospective systematic 3-year database that included for analysis COPD patients under home NIV followed at our unit between August 2011 and July 2014. Patients were eligible for inclusion if they had COPD as primary diagnosis and two or more evaluations during the period of analysis. All patients received optimized COPD pharmacological and non-pharmacological treatment (oxygen therapy included) according to the national COPD guidelines. Pulmonary rehabilitation was proposed to all patients and performed in those who accepted to participate. Smoking cessation intervention was instituted in all current smokers.
Patients were excluded if they (1) were not assessed in a minimum period of six months, or (2) had a previous diagnosis of obstructive sleep apnea (OSA) without compliance to continuous positive airway pressure (CPAP).
Compliance to NIV and CPAP was defined as mean use >4 h/day.
The protocol was approved by the Research Ethics Committee of Centro Hospitalar Lisboa Norte (number 261/16).
The IBM SPSS Statistics software was the main data analysis tool used in this study. Descriptive statistics were performed for the basic analysis of data. The Student's/Welch's t-test or Mann---Whitney rank sum test was used to compare parametric or nonparametric data, respectively, of two independent samples of continuous variables. A paired Student's t-test or a Wilcoxon signed rank test was used to compare parametric or nonparametric data, respectively, of two paired groups of continuous variables. The null hypothesis of normal distribution of the continuous variables was tested using the one-sample (exact) Kolmogorov---Smirnov test. The Levene's test was also applied automatically to test the equality/inequality of the variances of two populations.
To compare two groups of discrete variables Chi-square test was used.
For all the statistical tests, a p value <0.05 was set as the lower threshold of significance.
Results
Within the 334 patients registered in the 3-year systematic database, 109 (32.6%) were eligible (Fig. 1) . Eighty-four patients had been followed before August 2011 and the remaining 25 were enrolled between August 2011 and July 2014 (Appendix B). The baseline characteristics of the COPD patients are shown in Table 1 Continuous variables are presented as mean ± SD. a n = 54. b n = 102. BMI, body mass index; FEV 1 , forced expiratory volume in 1 s; FVC, forced vital capacity; RV: residual volume; TLC: total lung capacity; 6MWD, 6 min walking distance; OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; PaO 2 : oxygen arterial partial pressure; PaCO 2 , carbon dioxide arterial partial pressure; HCO 3 − arterial bicarbonate concentration; NIV, noninvasive ventilation.
requiring expired air CO levels <10 ppm and/or arterial COHb levels <1.6%). Coexistence of disorders that can contribute to CHRF in COPD patients was also analyzed. Most (81.7%) had one or more respiratory or non-respiratory comorbidity. OSA was found in 54 (49.5%) patients, obesity in 40 (36.7%), heart failure in 25 (22.9%), bronchiectasis in 24 (22.0%), other post-tuberculosis sequelae in 9 (8.3%), lung cancer in 8 (7.3%) and heterogeneous respiratory and non-respiratory diseases in 7 (6.4%). Regarding the sleep study results performed in 80 patients, 31.3% had an apnea-hypopnea index (AHI) ≥5<15; 22.5% ≥15<30 and 13.8% ≥30 events/h.
There was significant improvement in mean arterial blood gas (ABG) between first stable and final evaluations (Table 2) , with 93.3% of the patients compliant to NIV at final evaluation. The duration of ventilation was 63.4 ± 51.1 months.
Significant increases in mean inspiratory positive airway pressure (IPAP) and backup respiratory rate were carried out between baseline and final evaluation ( Table 2 ). At first evaluation 19 patients (17.4%) were under assisted (spontaneous) ventilation, predominantly using nasal masks (74 patients: 67.9%) and at final evaluation all were under assisted/controlled, or with volume-assured pressure support ventilation (9 patients: 8.3%), predominantly using oro-nasal masks (77 patients: 70.6%) (according to Appendix A).
At final evaluation, patients with severe hypercapnia (n = 47; PaCO 2 ≥ 50 mmHg) performing NIV at high pressures (n = 30; IPAP ≥ 25 cmH 2 O) were more compliant (mean daily use: 10.1 ± 3.3 vs. 6.1 ± 3.6 h/day) than those under lower airway pressures (Table 3 ). In the subgroup of patients treated with higher airway pressures (IPAP ≥ 25 cmH 2 O), there was an average compliance 1.7 h/day greater with a confidence level of 95%.
At first evaluation, most (n = 78; 71.6%) COPD patients were under long-term oxygen therapy (LTOT), 12 (11.0%) were under ambulatory oxygen therapy (AOT) and adjuvant oxygen therapy during NIV, and 2 (1.8%) under adjuvant oxygen therapy during NIV (17 patients without additional oxygen therapy: PaO 2 62.5 ± 7.2 mmHg, at rest). At final evaluation, 77 (70.6%) were under LTOT, 9 (8.3%) under AOT and adjuvant oxygen therapy during NIV and 4 (3.7%) under adjuvant oxygen therapy during NIV (18 patients without additional oxygen therapy; PaO 2 68.3 ± 8.8 mmHg, at rest; with home NIV compliance: 7.7 ± 5.1 h/per day). At first evaluation 47 (43.1%) patients performed ABG under oxygen therapy and at final evaluation 58 (53.2%).
Sixty-two (56.9%) COPD patients started NIV during admission with acute respiratory failure while 47 (43.1%) started electively, 26 (55.3%) of whom had previously been treated with CPAP but maintained significant hypercapnia despite treatment adherence. Table 4 compares groups according to the starting site of NIV. No significant group differences were noted regarding age, BMI, coexistence of OSA, lung function ---FEV 1 , duration of ventilation, adherence to NIV, IPAP and PaCO 2 at final evaluation. Patients that started NIV during an acute exacerbation had a lower PaCO 2 at first ambulatory evaluation (p < 0.001) and a higher occurrence of admissions for respiratory illness (p < 0.001) with more days of hospitalization in the year prior to NIV institution (p < 0.001) compared to those starting electively.
After NIV institution, number of admissions for respiratory illness and days spent in hospital significantly declined. However, in the elective group, this significant effect was only felt in patients with hospitalizations in the year prior to NIV institution (19 patients) ( Table 5) .
During the period under analysis 27 (24.8%) patients died and 15 (13.8%) interrupted NIV due to noncompliance (n = 4) or loss of home NIV criteria (n = 11) (as highlighted in Appendix A). Table 6 compares the characteristics of survived and deceased patients who maintained treatment with home NIV (n = 94).
Cause of death (27 patients) was identified in 19 patients (70.4%): 12 died due to non-malignant respiratory disease (exacerbation of chronic respiratory failure due to pulmonary infection); two with lung neoplasm; two with non-respiratory malignancy (bowel); one due to acute 
Discussion
This is a retrospective descriptive study representative of the daily clinical practice in a respiratory care unit of a university hospital. Most (81.7%) COPD patients had one or more respiratory or non-respiratory comorbidity that not only contributed to the severity of the chronic respiratory failure but also informed great clinical heterogeneity within these patients.
The high prevalence of OSA (49.5%) could be explained by the fact that this study was carried out in a unit with a sleep-study laboratory, creating a possible selection bias, since studies about the prevalence of OSA in COPD patients showed lower prevalences. 21---23 under debate, 24 especially since there are only a few studies in severe COPD. 25 It is noteworthy that only overlap syndrome patients with previous adherence to CPAP and maintenance of NIV criteria were included in this study, so COPD was considered the main cause of CHRF.
Despite the attempt to wean NIV, long-term dependency on NIV after acute hypercapnic respiratory failure is a common situation in intermediate respiratory care units 13 explaining why more than half (56.9%) of the COPD patients in this study started NIV during admission with acute respiratory failure. In this subset of patients the loss of criteria for home NIV 17 would determine treatment interruption in 11 patients (17.7%), similar to what has previously been described for oxygen therapy instituted during exacerbation. 26, 27 In the absence of clear guidelines regarding hospital discharge of a patient that required NIV during exacerbation, this study emphasizes the importance of future guidelines supporting NIV weaning after an acute exacerbation episode.
The 3-year analysis of home NIV showed an increasing prevalence of patients under this therapy. Similar to the clinical distribution profile reported a decade ago, 12 COPD was the most frequent disorder under home NIV at our unit, but with a nearly triplicated prevalence.
Despite functional severity (mean FEV 1 38.6 ± 14.9% predicted) about one quarter (25.7%) of the patients were still smokers when they started NIV, which has also been described in other studies, 28, 29 and even suffering from CHRF, only half quit smoking during the follow-up period.
In this study there was a very good compliance to NIV, contrary to what has been described by some authors. 30 These results were even more significant in the subgroup of patients treated with higher airway pressures (IPAP ≥ 25 cmH 2 O), who presented an average compliance 1.7 h/day greater with a confidence level of 95%. This has also been observed in a 6-week crossover RCT 31 that compared high-intensity NIV with low-intensity NIV.
Interface strategies differ in the acute and chronic setting. Considering that nasal masks generally appear to be better tolerated in the long term, 32 in the initial evaluation there was a predominance of these masks (67.9%). However, during follow-up, stepwise titration with higher inspiratory pressures and detection of unintended leakage (clinically detected and/or by NIV software 33 ) with repercussions on ventilation efficacy, conditioned the switch to oro-nasal masks in the majority of the patients (70.6% with oro-nasal masks at final evaluation).
During follow-up NIV parameters were adjusted with significant increases in IPAP and respiratory rate. Initially 17.4% of the patients were under assisted (spontaneous) ventilation and at final evaluation all were under assistedcontrolled, with a minority under volume-assured pressure support (8.3%). Whether more sophisticated ventilators or modes provide better outcomes is unclear, 24 although the favorable results of the most recent RCTs 7, 15 were achieved using a standard bilevel device.
In recent years, COPD has been the subject of discussion regarding the most appropriate ventilation strategies, with particular focus on the use of adequate IPAP and back-up respiratory rate. 34 Only recently, high-intensity NIV demonstrated survival benefits in a RCT 7 that demonstrated a 1-year mortality of 12%, much lower than that expected for similar populations. Continuous variables are presented as mean ± SD. a n = 69. b n = 48. c n = 90. d n = 93. BMI, body mass index; FEV 1 , forced expiratory volume in 1 s; 6MWD, 6 min walking distance; OSA, obstructive sleep apnea; AHI, apneahypopnea index; NIV, noninvasive ventilation; PaCO 2 , carbon dioxide arterial partial pressure; IPAP, inspiratory positive airway pressure; RR, respiratory rate.
Mortality over the 3-year analysis period was 24.8% and the overall follow-up period after institution of NIV was 5.3 ± 4.3 years. Although there was no control group in this retrospective study, these results suggest an improvement in survival compared to that described by other authors. 35 Admissions and number of days spent in hospital for respiratory illness significantly decreased after NIV institution for patients with ≥1 admission per year in the year prior to home NIV institution, as already pointed out in other trials. 15, 30 Although the methodology is open to criticism, the analysis of the different variables that could interfere in mortality revealed that younger age (at the beginning of home NIV) and lower number of hospitalizations pre and post NIV institution were significantly associated with a lower mortality. Also body mass index (BMI) ≥30 kg/m 2 and the absence of OSA were associated to a significantly greater survival. As expected 36 mean FEV 1 at first evaluation, 6 min walking distance (6MWD) and BMI were lower in the group of deceased patients compared to survivors. However these differences were not statistically significant. The small number of patients in the created subgroups may have contributed to these findings. Most patients died in hospital due to exacerbation of chronic respiratory failure. Despite the small sample limitations, this has also been described in COPD patients under LTOT. 37 It would be expected that all patients were under LTOT, considering its demonstrated benefits in COPD patients. 38, 39 However, 15.6% (n = 17) of the patients at first evaluation, and 16.5% (n = 18) at final evaluation, were not under oxygen therapy, according to clinical guidelines, 27, 40 which has also been reported in patients with COPD and CHRF with home NIV criteria. 7 This study did not aim to evaluate cost-effectiveness of NIV follow-up. However it should be noted that regular follow-up seemed to have contributed not only to compliance in a low educational level population but also to adequate NIV suspension corresponding to an estimated annual saving of 20,531 euros. 41 Our study has a number of limitations. First, although the database allows for systematized analysis of patients in a follow-up period over three years, most were already followed at our unit and have therefore a longer duration of treatment than the period under analysis.
Another limitation in our study was the inability to obtain ABG on room air in a significant proportion of patients who performed ABG under oxygen therapy according to the severity of hypoxemia and the indication for LTOT. 27,38---40 Although the significant reduction in hypercapnia and HCO 3 − does reflect the benefit of NIV, the same cannot be inferred regarding the PaO 2 values. Other authors have also described this limitation.
A further important limitation regarding efficacy outcomes is the absence of periodic assessment of healthrelated quality of life (HRQoL). However, most (56.9%) patients started NIV during admission for exacerbation and so HRQoL assessment performed at first outpatient evaluation would reflect the expected negative effect of hospitalization/exacerbation of the disease, with the corresponding expected recovery and not the effect of NIV institution itself. Although some patients periodically completed quality-of-life questionnaires, the majority filled them with support (62.3% of the patients had ≤4 years of schooling) and this difficulty increased with disease progression, so comparative analysis was not possible. Although we cannot prove that NIV benefited HRQoL, we point out that progressive compliance to home ventilation may be an indirect highlighter of comfort (6.9 ± 3.4 h/day at first evaluation and 8.7 ± 3.6 h/day at final evaluation p < 0.001).
Conclusions
The present study provides uncontrolled evidence that long-term compliance to NIV promotes reduction in the number of respiratory illness admissions of exacerbating COPD patients, as well as improvement in hypercapnia, and shows that patients with severe hypercapnia were more compliant to treatment, particularly with higher inspiratory airway pressures.
This is a real life study that reflects the clinical practice, the troubles and questions of the everyday. Despite its methodological limitations, it also suggests improvement in overall survival. The authors consider that the slow stepwise titration of NIV, aimed at the normalization of hypercapnia, was associated with a progressively increased compliance throughout the study which may have contributed to the results. However this remains speculative and needs to be investigated in future studies.
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